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1
MULTIPLEXER FLOP

RELATED APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/872,383, filed on Aug. 30, 2013. The
entire teachings of the above application are incorporated
herein by reference.

BACKGROUND

The capability to reduce logic depth and improve fre-
quency of digital circuits is a chief concern of customers of
products that incorporate complex circuitry. Many different
forms of circuits are used for products, by commercial and
industrial customers, including Integrated Circuits (ICs),
Complementary Metal-Oxide-Semiconductors (CMOS),
electronic circuits, semiconductors, Very Large Scale Inte-
grated Circuits (VLSI ICs), Application Specific Integrated
Circuits (ASICs), circuitry on printed circuit boards (PCBs),
microprocessors (also known as “processors”), nanotechnol-
ogy circuits, and other types of circuits. With increasing func-
tionality, circuitry is growing more dense and more complex,
and increasing circuit frequency is becoming more important.
High-performance digital logic circuits commonly include a
multiplexer (also known as “mux”) combined with a flip-flop
(also known as a “flip flop” or “flop™).

Especially for high-volume customers of ICs, having an
ability to decrease logic depth translates directly into cost
savings. For a multi-gigahertz processor, a logic depth
improvement that saves just half of a gate delay may result in
a substantial frequency speedup of 8 to 10 percent. Also,
having a multiplexer flip-flop circuit that reduces real-estate
on the IC may provide additional cost savings. For at least
these reasons, there is a need for improved multiplexer flip-
flop circuitry.

SUMMARY

The present approach is directed to a method of reducing
logic depth for a circuit by coupling a multiplexer with a flip
flop. In particular, a first stage of the multiplexer is moved into
the flip flop and a second stage of the multiplexer is moved
from data logic of the multiplexer to clock logic of the mul-
tiplexer. The resulting circuit benefits from reduced logic
depth and increased clock frequency.

In an embodiment, a flip flop circuitincludes a master latch
and a slave latch. The master latch comprises a storage ele-
ment, a first data leg, and a second data leg. The first and
second data legs may be coupled to the storage clement.
Clock selection logic may be coupled to the first and second
datalegs. The clock selection logic may have a select input for
selecting between the first and second data legs. The slave
latch may be coupled to the master latch.

In the flip flop circuit, the clock selection logic may com-
prise two NOR gates. In the flip flop circuit, each data leg may
receive a plurality of data inputs. Each data leg may comprise
a combinatorial logic block that is coupled to a transmission
gate. The combinatorial logic block may include a single-
stage of a multiplexer. The combinatorial logic block may
comprise at least one complex gate, including but not limited
to a single-stage complex gate, such as an AND-OR-INVERT
(AOI) gate or OR-AND-INVERT (OAI) gate.

In the flip flop circuit, the clock selection logic may have a
single clock input. The select input and the single clock input
may be operatively coupled by the clock selection logic to
provide generated clocks. The generated clocks may include
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a first generated clock and second generated clock. The first
generated clock output may enable a data output of the first
leg to a first node of the storage element. The second gener-
ated clock output may enable a data output of the second leg
to the first node of the storage element. Each generated clock
may be inverted for an active low enable input, to enable the
data output of each data leg.

The flip flop circuit may have a single clock input. The
slave latch may comprise a transmission gate that drives a
slave storage element. The slave latch may have a data input
that drives a transmission gate, an output of the transmission
gate driving a slave storage element. The transmission gate
may be enabled by the single clock input. The single clock
input may be inverted for an active low enable input, to enable
the transmission gate.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing will be apparent from the following more
particular description of example embodiments of the inven-
tion, as illustrated in the accompanying drawings in which
like reference characters refer to the same parts throughout
the different views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating embodi-
ments of the present invention.

FIG. 1 illustrates a block diagram of a 4-input mux flop.

FIG. 2 illustrates an implementation of a 4-input mux flop.

FIG. 3 illustrates an example embodiment of a 4-input mux
flop in accordance with the present invention.

DETAILED DESCRIPTION

A description of example embodiments of the invention
follows.

High speed digital datapaths in modern high-performance
processors commonly require high fan-in multiplexers
(muxes) followed by a flop. As illustrated in FIG. 1, these two
elements (a mux 302 and a flop 303) may be combined into
one cell 500 (a mux flop). A 4-to-1 mux 302 uses a 2-bit select
line (collectively 402, 401) to select a one-bit data line (one of
201a, 2015, 201c, or 201d) from a set of data lines 201
(collectively, 201a, 2015, 201¢, and 201d). In addition, as
illustrated in FIG. 1, a flop 303 takes a clock 300 and data 301
as input, and outputs registered data 304 and an inverted
version of the registered data 3044.

For an acceptable noise margin in state-of-the-art tech-
nologies (including but not limited to CMOS technologies), it
is generally understood that no more than 3 transistors may be
stacked in series. As shown in FIG. 2, an implementation of
the 4-input mux 302 with static CMOS logic often uses at
least two logic stages, including a first stage 310 and a second
stage 311. Note that the implementation in FIG. 2 is not
limited to CMOS. As shown in FIG. 2, the first multiplexer
stage 310 may include at least one single-stage complex gate
such as an AND-OR-INVERT (AOI) gate 150, and the second
multiplexer stage 311 may include a single-stage complex
gate such as an OR-AND-INVERT (OAI) gate 151. The
4-input mux 302 takes as input a two-bit select (collectively
402, 401), the inverted version of the two-bit select (collec-
tively 402, 401%) and a four-bit data (collectively 201a,
2015, 201c¢, and 2014) and outputs one-bit data 301.

As further illustrated in FIG. 2, the 4-input mux 302 may be
combined with a master-slave style flop 303 to achieve a
4-input mux flop 501. The master-slave flop 303 receives the
mux output 301 as its data input. The master-slave flop 303
also receives an input clock 300. As shown in FIG. 2, the
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master-slave flop 303 may be implemented with inverters 103
and transmission gates 109, and it outputs registered data
3045.

Most often, the datapath logic forms the timing critical
path, setting the clock frequency of the IC. Therefore, signifi-
cant design effort is spent in reducing the logic depth between
pipeline stages.

In an example embodiment of the present invention, shown
in FIG. 3, a 4-input high performance mux flop 502 is con-
structed. Although static CMOS logic is used to construct the
flop in FIG. 3, one skilled in the art realizes that other types of
logic may be used instead of CMOS logic.

In a common case, mux select input, select (collectively,
902, 901 as shown in FIG. 3), is not timing critical. The
present invention exploits this feature, in order to reduce logic
depth, by moving the second stage muxing from the data logic
to the clock logic. Further logic depth reduction is achieved
by moving the first mux stage into the flop (replacing inverters
with complex gates). These circuit changes remove two logic
stages from the timing critical path, thereby increasing the
chip clock frequency.

As illustrated in FIG. 3, each leg 701, 7015 of the master
latch 700 has only one mux stage, compared with the two mux
stages, 310, 311, of FIG. 2. Each leg has a single mux stage
that includes a corresponding combinatorial logic block (704,
or 704b, respectively) that may be implemented with a single-
stage complex gate such as an AND-OR-INVERT (AOI) gate
250. Each combinatorial logic block takes two data bits as
input (951a, 9515 for 7045, and 951c¢, 951d for 704) and also
takes the lower select bit 901 and its inverse 901z as inputs.

As shown in FIG. 3, each of the legs (701 or 7015, respec-
tively) includes inverter(s) (6035 for leg 701, or 603¢ for leg
7015), and a transmission gate (609a or 6095, respectively).
In the master latch 700, the data output (806 or 8065, respec-
tively) of each combinatorial logic block (704 or 7045,
respectively) is driven into a corresponding transmission gate
(6094 or 6095, respectively) which in turn drives data out 803
to a master storage element 703 which is comprised of two
inverters 603e, 603/

In FIG. 3, the clock selection logic 702 receives the upper
select bit 902, the inverse of the upper select bit 902x, and the
clock input 800, and provides two generated clocks 801, 802.
A purpose of the upper select bit 902 and its inverse 9027 is to
allow the clock selection logic 702 to enable one of the
generated clocks 801, 802, which in turn enables the corre-
sponding data leg (701 or 7015, respectively) to operate the
master latch 700 and transmit data 803 to the master storage
element 703. Each leg receives the generated clock (801 or
802 as shown in FIG. 3) and produces an inverted form of the
generated clock (8015 or 8024, respectively) using inverters
(6035 or 603c, respectively) for use to enable the correspond-
ing transmission gate (6094 or 6035, respectively). The clock
selection logic 702 may be implemented using two NOR
gates 607a, 6075.

The master latch 700 drives data 803 into the slave latch
705. The slave latch drives this data through an inverter 603g,
then through a transmission gate 609¢ that is enabled by the
clock 800 and an inverted version of the clock 8005 (inverted
using an inverter 603/%). In the slave latch 705, the transmis-
sion gate 609¢ drives a storage element 707 that is comprised
of two inverters 6037, 603;. In the slave latch 705, the output
of'the storage element 804 is driven through an inverter 6034
which outputs data 805 from the mux flop 502.

Note that one of ordinary skill in the art appreciates that
inverters, inverted inputs/output, and other circuit elements,
may be added or removed from the circuits described herein,
in order to modify the circuit functionality (data, clocks, or
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other circuitry) as needed for a given application. Therefore,
the present invention is not limited to the exact circuits shown
herein and may be extended, while still relying upon the
concepts of the present invention.

The present invention may be applied to any type of circuit,
including, but not limited to, electronic circuits, semiconduc-
tors, integrated circuits, Very Large Scale Integrated Circuits
(VLSI ICs), Complementary Metal-Oxide-Semiconductors
(CMOS), Application Specific Integrated Circuits (ASICs),
circuitry on printed circuit boards (PCBs), microprocessors
(also known as “processors”), nanotechnology circuits, and
other types of circuits.

While this invention has been particularly shown and
described with references to example embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the scope of the invention encompassed by the
appended claims.

What is claimed is:

1. A flip flop circuit comprising:

a master latch comprising a master storage element, a first
data leg, and a second data leg, the first and second data
legs coupled to the master storage element, and clock
selection logic coupled to the first and second data legs,
the clock selection logic having a select input for select-
ing between the first and second data legs; and

a slave latch coupled to the master latch, the slave latch
including a slave storage element,

wherein the clock selection logic comprises first and sec-
ond NOR gates, the first and second NOR gates each
sharing and receiving a single clock input, the first NOR
gate receiving the select input, the second NOR gate
receiving an inverse of the select input, the first NOR
gate generating a first clock output which enables a first
data output of the first data leg to a first node of the
master storage element, and the second NOR gate gen-
erating a second clock output which enables a second
data output of the second data leg to the first node of the
master storage element.

2. The flip flop circuit of claim 1, wherein each data leg

receives a plurality of data inputs.

3. The flip flop circuit of claim 1, wherein each data leg
comprises a combinatorial logic block that is coupled to a
transmission gate.

4. The flip flop circuit of claim 3, wherein the combinato-
rial logic block is a single-stage of a multiplexer.

5. The flip flop circuit of claim 1, wherein the clock selec-
tion logic has a single clock input, the select input and the
single clock input being operatively coupled by the clock
selection logic to provide generated clocks, including a first
generated clock output enabling a data output of the first data
leg to a first node of the master storage element, and a second
generated clock output enabling a data output of the second
data leg to the first node of the master storage element.

6. The flip flop circuit of claim 5, wherein each generated
clock is inverted for an active low enable input, to enable the
data output of each data leg.

7. The flip flop circuit of claim 1, wherein the flip flop
circuit has a single clock input.

8. The flip flop circuit of claim 7, wherein the slave latch
comprises a transmission gate that drives the slave storage
element.

9. The flip flop circuit of claim 7, wherein the slave latch
has a data input that drives a transmission gate, an output of
the transmission gate driving the slave storage element.

10. The flip flop circuit of claim 8, wherein the transmis-
sion gate is enabled by the single clock input.
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11. The flip flop circuit of claim 10, wherein the single
clock input is inverted for an active low enable input, to enable
the transmission gate.

12. The flip flop circuit of claim 1, wherein the master
storage element and the slave storage element are each com-
prised of a given first inverter and a given respective second
inverter, the given first inverter driving the given respective
second inverter, and the given respective second inverter driv-
ing the given first inverter.

13. The flip flop circuit of claim 1, wherein the master
storage element is comprised of a first inverter and a second
inverter and the slave storage element is comprised of a third
inverter and a fourth inverter.

14. The flip flop circuit of claim 1, wherein at least one of
the first data leg and the second data leg drives the first node
of the master storage element, the master storage element
being comprised of first and second master storage inverters,
the first master storage inverter driving an input of the second
master storage inverter and the second master storage inverter
driving an input of the first master storage inverter, a slave
inverter driving data of the first node of the master storage
element to a slave transmission gate, the slave transmission
gate driving data received by the slave inverter to the slave
storage element, the slave storage element being comprised
of first and second slave storage inverters, the first slave
storage inverter driving an input of the second slave storage
inverter and the second slave storage inverter driving an input
of the first slave storage inverter.
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15. The flip flop circuit of claim 1, wherein the slave stor-
age element stores slave data generated by at least one of the
first data leg and the second data leg.

16. The flip flop circuit of claim 15, wherein the slave data
is generated by the at least one of the first data leg and the
second data leg without requiring one or more scan inputs.

17. The flip flop circuit of claim 15, wherein the slave latch
outputs the slave data without requiring at least one of a reset
input and a preset input.

18. The flip flop circuit of claim 1, wherein each of the first
and second NOR gates is a two-input NOR gate.

19. A flip flop circuit comprising:

a master latch comprising a master storage element, a first
data leg, and a second data leg, the first and second data
legs coupled to the master storage element, and clock
selection logic coupled to the first and second data legs,
the clock selection logic having a select input for select-
ing between the first and second data legs; and

a slave latch coupled to the master latch, the slave latch
including a slave storage element,

wherein each data leg comprises a combinatorial logic
block that is coupled to a transmission gate and the
combinatorial logic block comprises at least one of an
AND-OR-INVERT (AOI) gate and an OR-AND-IN-
VERT (OAI) gate.
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